The present study investigated the effects of the supplemental dietary energy source on early lactating cows in a positive energy balance. Cows in the control group were fed a basal total mixed ration containing high-quality hay as forage, and the dietary concentrate to forage ratio was 45:65. The corn supplementation resulted in a significant decrease in the milk fat content (P < 0.05) and a low milk fat yield (P = 0.15), whereas the fat supplementation resulted in a decreasing trend of the milk protein and lactose content (P ≤ 0.1). Additionally, the corn supplementation significantly decreased the serum 5-hydroxytryptamine level (P < 0.05). The results support the proposal that the source of supplemental dietary energy has varying effects on feed intake, lactation performance, and the intermediate metabolism of early lactating cows in a positive energy balance. 5-Hydroxytryptamine secretion may be associated with the varying effects of the source of supplemental dietary energy.
the energy demands of lactation and maintenance [3] (Block et al. 2001 ). In cow rearing, the dietary energy level can be improved through fat or concentrate supplementation to alleviate the negative energy balance. Research advances:
Dietary fat or concentrate supplementation affects rumen fermentation. Certain types of fatty acids, especially long-chain unsaturated fatty acids, inhibit rumen microbial growth and lower the rumen degradation rate of dietary fiber [4] ( Grummer, 1991) . Concentrate contains high levels of rumen fermentable carbohydrates (RFC). Excess concentrate supplementation will decrease the rumen pH value, increase the risk of subclinical ruminal acidosis (SARA), and lower the rumen degradation rate of dietary fiber and feed conversion efficiency [5] (Zebeli et al. 2010 ). The adverse effects of fat supplementation on rumen fermentation can be prevented with rumen inert fats, such as fatty acid calcium salts and saturated fat [6] (Bernard and Kertz 2009 ). To eliminate the adverse effects of concentrate supplementation, the dietary physically effective neutral detergent fiber (peNDF) and RFC contents must be balanced. To control the rumen pH value, Zebeli et al. (2008) suggested that the peNDF > 1.18 to RFC ratio of the cow diet should be no less than 1.45. Dietary fat only undergoes limited metabolism in the rumen, primarily through the rumen microbial hydrogenation of unsaturated fatty acids [7] . The resultant saturated fat subsequently enters the small intestine for digestive absorption, which provides very little effective available energy for the rumen microbes. In contrast, concentrate has a higher rumen degradation rate and can therefore provide a large amount of available energy for the rumen microbes during the degradation process. The resultant volatile fatty acids can be absorbed through the rumen wall. Thus, fat and concentrate are two distinct sources of energy that have demonstrated substantial differences in their absorption site, form of absorbed energy, and ability to provide available energy to the rumen microbes. Additionally, lactating cows have demonstrated varying responses to these two types of supplemental dietary energy sources. Studies have shown that fat supplementation increases the milk yield [8] (Hammon et al. 2008 ), while concentrate supplementation increases the milk protein yield [9] (Lohrenz et al. 2010). One potential explanation for these findings is that fat supplementation reduces the amount of glucose used for milk fat synthesis and as an oxidation energy supply and targets the glucose for lactose synthesis, thereby improving the milk yield [4] (Grummer, 1991) . Concentrate produces more propionate (a precursor for gluconeogenesis) during rumen fermentation. Both glucose and the precursor for gluconeogenesis play roles in targeting the amino acids in the blood for metabolism in the breast and promoting milk protein The effects of the supplemental dietary energy source on rumen fermentation in cows have been extensively studied, but the effects on post-ruminal metabolism have not been as extensively investigated. Research question: The aim of this study was to examine the effects of the supplemental dietary energy source on the lactation performance and serum indices in early lactating cows. An emphasis was placed on observing the changes in the sugar and fat metabolism associated with the serum indices and serum hormone levels. To control the effects of rumen environment changes on the experimental results, the feeding trial was conducted using high-quality hay as forage and the dry matter (DM) content of the concentrate in the basal diet was limited to 45% or less.
Materials and Methods

Experimental Animals
The experimental animals included twelve healthy disease-free postpartum Holstein cows in early lactation (36 ± 14 DIM) with an average parity of 3.4 ± 1.4 from Taian Lubao dairy farm. The cows were randomly divided into three groups of four cows each (Table 1 ).
Experimental Design
Cows were fed the same basal TMR ( Table 2) 
Sample Collection and Analysis
All animal work was approved by the Animal Welfare and Health Committee of Table 1 . General condition of the three groups of experimental cows. The morning and evening milk samples were mixed at a ratio of 3:2.
Blood samples were collected from the vein of the tail root of the cows during the last 2 d of the trial at AM 5:00 in the morning. Serum glucose, triglyceride (TG), and β-hydroxybutyrate (BHBA) detection kits were purchased from Mike Biotech. Co., Ltd., Sichuan, China. A non-esterified fatty acid (NEFA) detection kit was purchased from Nanjing Jiancheng Bioengineering Institute, China. The serum insulin, glucagon, insulin-like growth factor-1 (IGF-1) levels were measured by enzyme-linked immunosorbent assay (ELISA) using a kit purchased from Jiuding, Tianjin, China. The serum cholecystokinin (CCK), leptin, apolipoprotein A-IV (apoA-IV), glucagon-like peptide-1 (GLP-1), melanocortin (MC), and 5-hydroxytryptamine (5-HT) levels were measured by ELISA assay using a commercial kit purchased from Xinran, Shanghai, China.
Data Analysis
One-way ANOVA was performed using SAS 9.0 with the following statistical model: Y ij = μ + α i + ε ij , where μ is the mean value, α i is the treatment effect, and ε ij is the random error. Differences between the groups were considered statistically significant at P < 0.05. A P value between 0.05 and 0.10 was considered a trend toward statistical significance. Note: Different superscript letters in the same row indicate statistically significant difference; uppercase letter for P < 0.01 and lowercase letter for P < 0.05.
Serum Indices
Corn supplementation significantly reduced the serum 5-HT level (P < 0.05) (Table 4) , whereas fat supplementation resulted in an increasing trend in the serum ApoA-IV level (P = 0.09). The serum CCK levels were higher in the cows supplemented with fat and lower in those supplemented with corn (P = 0.15).
Additionally, the serum levels of TG (P = 0.12) and leptin (P = 0.19) were numerically higher in the fat-supplemented cows. The source of supplemental dietary energy had no significant effect on the other serum indices tested (P > 0.05). [16] . Through this mechanism, the feed intake of cows is 
Discussion
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Relling and Reynolds (2007) supplemented the diet of lactating cows with calcium salts of saturated, monounsaturated, or polyunsaturated fatty acids, which resulted in elevated plasma GLP-1 and CCK levels. GLP-1, CCK, leptin, ApoA-IV, 5-HT, and MC play roles in regulating appetite [18] . In this study, the fat supplementation was associated with relatively high serum CCK and leptin levels and an increasing trend in the ApoA-IV level. In contrast, the corn sup- 
Conclusions
1) The iso-energetic supplementation of fat or corn had different effects on the milk yield of early lactating cows in a positive energy balance and fed a high-quality forage diet. The fat supplementation resulted in a higher milk yield but a lower feed intake and milk protein content, while the corn supplementation was associated with a lower milk fat content and milk fat yield.
2) The fat and corn supplementations had different effects on the serum levels of appetite-related hormones in early lactating cows. Fat supplementation resulted in higher serum CCK, leptin, and ApoA-IV levels, while corn supplementation was associated with a higher 5-HT level and a lower CCK level.
